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ABSTRACT  
   
Leadership in Energy and Environmental Design (LEED) is 
a non-governmental organization of U.S. Green Building Council 
(USGBC) which promotes a sustainable built environment with 
its rating systems. One of the building segments which it 
considers is healthcare, where it is a challenge to identify the 
most cost-effective variety of complex equipments, to meet the 
demand for 24/7 health care and diagnosis, and implement 
various energy efficient strategies in inpatient hospitals. 
According to their "End Use Monitoring" study, Hospital Energy 
Alliances (HEA), an initiative of U.S. Department of Energy 
(DOE), reducing plug load reduces hospital energy consumption.  
The aim of this thesis is to investigate the extent to which 
realistic changes to the building envelope, together with HVAC 
and operation schedules would allow LEED credits to be earned 
in the DOE-hospital prototype. The scope of this research is to 
specifically investigate the inpatient block where patient stays 
longer. However, to obtain LEED credits the percentage cost 
saving should be considered along with the end use monitoring. 
Several steps have been taken to identify the optimal set of the 
end use results by adopting the Whole Building Energy 
Simulation option of the LEED Energy & Atmosphere (EA) pre-
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requisite 2: Minimum Energy Performance. The initial step 
includes evaluating certain LEED criteria consistent with ASHRAE 
Standard 90.1-2007 with the constraint that hospital prototype 
is to be upgraded from Standard 2004 to Standard 2007. The 
simulation method stipulates energy conservation measures as 
well as utility costing to enhance the LEED credits. A series of 
simulations with different values of Light Power Density, Sizing 
Factors, Chiller Coefficient of Performance, Boiler Efficiency, Plug 
Loads and utility cost were run for a variety of end uses with the 
extreme climatic condition of Phoenix. These assessments are 
then compared and used as a framework for a proposed 
interactive design decision approach. As a result, a total of 
19.4% energy savings and 20% utility cost savings were 
achieved by the building simulation tool, which refer to 5 and 7 
LEED credits respectively. The study develops a proper 
framework for future evaluations intended to achieve more LEED 
points. 
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Chapter 1 
1 INTRODUCTION 
 
1.1 Background 
 
Being able to design and maintain a sustainable health care 
facility is good for patients and staff, good for the environment 
and above all good for the planet. World health organization 
(WHO) has identified seven elements for climate friendly 
hospitals. Among these “Energy Efficiency” is the primary 
consideration with a motto to reduce hospital energy 
consumption and costs through efficiency and conservation 
measures.1 
U.S. Environmental Protection Agency (EPA) has its own section 
on “Health Impacts Associated with Climate Change”.2 It also 
contains the State and Local Climate and Energy Program under 
which the city of Phoenix, Arizona, has evolved its own “Energy 
Conservation Program” over the past two decades. In that 
program energy efficiency in Local Government Facilities and 
Operations must meet Building Standards for Municipal Facilities 
for all new city buildings and must be constructed to meet LEED 
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certification. All new buildings must be designed to improve 
energy performance by 30 percent compared to conventional 
buildings.3 
According to the U.S. Energy Information Administration (EIA), 
in terms of Btu per square foot, U.S. healthcare facilities are the 
second most energy-intensive facility type across the nation.4 
Buildings in the United States are generating 39% of CO2, 
consuming 40% of energy and 13% of water per year, among 
them hospitals use 836 trillion BTUs of energy annually and have 
more than 2.5 times the energy intensity and CO2 emissions of 
commercial office buildings, producing over 30 lbs. of CO2 
emissions per square foot (2003 CBECS), making green hospital 
buildings a means of significant economic and environmental 
opportunity. 
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Figure 1: Healthcare energy consumption by end use in the U.S16 
 
Figure 2: Energy Use in Hospitals 
5.5% -  
Cooling 
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Figure 2 pie chart is a contribution of Consortium for Energy 
Efficiency, Inc. (CEE). The chart is very helpful in that it allows 
identifying the major and minor end uses of the hospital 
category building. Clearly, mitigating the lighting and HVAC 
energy consumption is most important since it corresponds to 
25% and 45% respectively of a typical hospital’s energy bill.15 
 From The ENERGY STAR® Financial Value Calculator, it was 
estimated that a 5 percent reduction of hospital’s energy use is 
equivalent to increasing the Earnings Per Share (EPS) by 1 cent. 
Similarly, each dollar of energy savings is equivalent to $20 of 
increase in revenue. 
Rising energy prices and the increasing energy intensity of 
hospitals have produced escalating costs, with U.S. hospitals 
spending over $5 billion annually on energy, equal to 1-3 
percent of total budget, and equivalent to at least 15 percent of 
profits. In 2007, the American Society for Healthcare 
Engineering (ASHE) reported that 91 percent of hospitals faced 
higher energy costs over the previous year, and over 50 percent 
cited increases in double digit percentages.6 
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 “Utility bills account for about 1% of campus operating costs. 
However, with some 8 million square feet to heat, cool, and 
power in 26 buildings covering four city blocks, that 1% adds 
up to tens of millions of dollars.” – Tom DeBoer, Chief 
Engineer, Mayo Clinic campus, Rochester MN Modern 
Healthcare, January 2008.  
 
Energy prices source: EIA; energy intensity represents assumed growth at 50% of recent increases. 
Figure 3: The cost of Business as usual 
 
Figure 3 is a graph from Energy Smart Hospital initiative of 
U.S. Department of Energy, demonstrating their prediction of 
Hospital Energy Cost depending on the Energy Price escalation 
and the Hospital Energy Intensity. From this chart it is clearly 
stated that if energy conservation measures can be adopted 
then it would reduce cost by 20%.  
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The proposed methodology of this study also considers some 
sort of percent cost saving following the Energy and Atmosphere 
section of LEED rating system. From the broad array of studies 
stated above, the need for energy efficient hospital design 
becomes stringent in respect to LEED rating system for 
healthcare especially as it relates to the “Energy and 
Atmosphere (EA)”7 credits.  ASHRAE Standard 90.1-20078 
provides directions in its Appendix G on types of systems to 
adopt during whole building energy simulation while referencing 
the benchmarking. Therefore in this study, Appendix G of 
Standard 90.1-2007 is followed to achieve the LEED credits.  
 
1.2 Problem Statement 
Hospital designer and hospital administrator would find this 
study very helpful, since it investigates one consensus DOE 
inpatient hospital prototype which is modeled with Energy Plus 
tool, by creating an eQUEST version of that same model and 
comparing & validating their end uses. In terms of ECMs 
replicating the only available document is that of the “Large 
Hospital Saving 50%”. Finally, modifying the eQUEST model in 
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Standard 2007 and trying to save energy with the same set of 
ECMs.  
ASHRAE Standard 90.1-2007 includes the performance rating 
method in Appendix G which conforms to one of the required 
pilot credit of “Energy and Atmosphere (EA)” section of LEED. 
The objective of this study is to follow all those guidelines of EA 
pre-requisite 2: Minimum Energy Performance7 in the base case 
in terms of hospital building performance calculations, and then 
compare earned LEED credits of the proposed alternative design.  
 
Performance percent improvement measures in the proposed 
case will help improve facility's energy use. Therefore, the 
intention of this study is to achieve a minimum of 10% 
improvements on new hospital to achieve LEED points with 
regards to “EA pre-requisite 2: Minimum Energy Performance” 
and try to achieve 30% improvements with regards to the 
Arizona “Energy Conservation Program”3. 
 
1.3 Objectives and Scope 
There are numerous DOE building prototypes being developed by 
Pacific Northwest National Laboratory (PNNL)9 for different 
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weather categories. The study is limited to a significant hospital 
prototype of U.S. Department of Energy (DOE-2) which is not a 
real building. This prototype has been simulated in “Energy 
plus”9, a state of the art computer simulation program for 
evaluating building energy efficiency measures. 
The available hospital prototype is the basis of ongoing 
development work at PNNL based on ASHRAE Standard 90-1 
2004. The online version of Energy plus model was then used as 
a reference for the “eQUEST” (another building simulation tool)10 
version, which is the tool used to perform the whole building 
simulation so as to achieve the anticipated improvement. In both 
cases, the climate was chosen to be Phoenix, Arizona. In this 
thesis, ASHRAE Standard 90.1-2007 was chosen to be the 
reference base case. The computer generated rehabilitated 
model allows numerous modifications to be made to the base 
case as the minimally compliant building as suggested in 
Standard 90.1-2007. 
LEED addresses seven topics in its summary report, of which 
Energy and Atmosphere is one topic. In this research only “EA 
Prerequisite 2” of that topic is examined. Inside that credit 
category, it is mandatory to follow the Standard 90.1-2007 to 
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make the building minimally compliant so as to follow the 
Appendix G. 
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1.4 Report organization 
 
This report is organized into five sections. Section 1 provides 
background, objective, and scope information. Section 2 
establishes proper understanding of the thesis topic with a broad 
literature review with a background, history of green hospital in 
US, energy consumption by end use monitoring, the necessity 
for LEED in Healthcare, analysis of finding from literature review. 
Section 3 introduces the modeling methodology, including 
analysis framework and assumptions, prototype definition, and 
the modeling process, followed by detailed input data for the 
climate-specific baseline and proposed building models. Section 
4 describes an overview of the validation work performed on the 
baseline to ensure that the results were reasonable and not 
found abruptly. Section 5 contains the results of the modeling 
study, including the energy use intensities (EUIs) of the baseline 
and proposed design.  
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Chapter 2 
2 LITERATURE REVIEW 
 
 “Operational benefits considered are highly dependent upon or 
facilitated by the built environment. These include reduced 
nosocomial infection, medical error, patient falls, and medication 
use by inpatients; increased caregiver productivity; reduced 
horizontal and vertical travel time and patient transfers; reduced 
energy consumption; and reduced cost for future layout 
modifications.” (Robin & Gail, Sustainable Healthcare 
Architecture, 2008.) 
 
2.1 Overview 
The Building sector is the primary energy consumer among all 
other sectors; in the building end-use, the hospital sector in turn 
is the second largest energy consumer group. Presumably those 
hospitals are contributing same amount of green house gases 
(GHS).  Clean energy programs, addressed in EPA, created to 
reduce fossil fuel use, which typically result in emissions of 
nitrogen oxides (NOx), sulfur dioxide, mercury and other toxic 
metals, diesel, and black carbon.2 Reducing these primary 
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pollutants also reduces “secondary” pollutants ozone (O3) and 
fine particulate matter (PM2.5) that made their long lasting 
existence harmful to the environment. These secondary 
pollutants especially are linked with a variety of respiratory and 
cardiovascular illnesses and eventually death.2 The kind of health 
research by EPA has established strong relationships between air 
pollution, GHG, and their subsequent health effects, the intensity 
varies from fairly mild effects such as respiratory symptoms and 
missing any regular activity, to more severe effects such as 
hospital admissions, heart attacks, onset of chronic heart and 
lung diseases, and premature death. 
DOE’s Hospital Energy Alliance initiative delivers a strong 
message through their key hospital leadership propaganda of 
Hospital Energy Management11. Their research indicates that 
reducing the energy use of healthcare facilities offers many key 
benefits as listed below: 
• Improved profitability  
• Reduced impact of volatile energy costs  
• Lower operations and maintenance costs  
• Improved environmental performance  
• Reduced carbon footprint  
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• Healthier healing and work environment  
• Healthier communities.  
 
2.2 Green Hospital in US 
In October 2000, a landmark conference in San Francisco was 
held with a combined effort of Healthcare without Harm, Kaiser 
Permanente and Catholic Healthcare West established “Setting 
Healthcare’s Environmental Agenda (SHEA)” which initiated the 
journey of the healthcare industry as a green building in U.S. 
David Lawrence, chairman and CEO of Kaiser Foundation Health 
Plan, Inc., stated, “just as we have responsibility for providing 
quality patient care (and)…. Keeping our facilities technology up 
to date, we have a responsibility for providing leadership in the 
environment” (Lawrence 2000). In addition, Lloyd Dean, 
president and CEO of Catholic Healthcare West delivered this 
challenge,” We will not have healthy individuals ,healthy 
families, and healthy communities if we do not have clean air, 
clean water and healthy soil” (Dean 2000).12   
The American Society for Healthcare Engineering (ASHE) is the 
first publisher of healthcare’s green building guidance tool, 
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released in January 2002 as the ASHE Green Healthcare 
Construction Guidance Statement. “Prevention is better than 
cure” following this basic concept of Agenda 21 of 1992 UN Earth 
Summit, the public health approach was made both in the 
clinical setting and in the environment of public health hazards. 
Similarly, a precautionary and preventive approach is an 
appropriate basis for decisions regarding material selection, 
design features, mechanical systems, infrastructure and 
operations and maintenance practices (ASHE 2002).12   
The Green Guide for Healthcare, a collaborative project of Health 
Care without Harm and Center for Maximum Potential building 
Systems; with initial Merck Family funding began its journey, 
marked as the healthcare sector’s first sustainable design toolkit 
(GGHC 2004). Later GGHC adopted the ASHE Green Healthcare 
Construction Guidance Statement of Principles by keeping their 
principle of precaution in mind while dealing with medicine and 
international sustainable design policy. 12 
The LEED for Healthcare 20097, rating system is the culmination 
of seven years of close collaboration between the Green Guide 
for Healthcare (GGHC) and USGBC. GGHC has provided a ground 
for LEED Healthcare's development schedule by merging with the 
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LEED for New Construction rating system's organizational 
protocol, with permission from USGBC. Today this robust pilot 
program includes more than 200 health care facilities. The GGHC 
pilot project becomes familiar by the development of the LEED 
for Healthcare rating system. 12  
 
2.3 End Use Monitoring 
 
Alexis Karolides, an architect with the Rocky Mountain Institute, 
pointed out the following paradox inside the healthcare industry. 
According to her research, the purpose of a hospital is to save 
people’s life. However, the production of the energy which the 
hospital consumes is creating public health hazard by producing 
fine-particle pollutant, toxic and smog-forming chemicals inside 
the energy source. Environmental hazard eventually affects 
health of children, infant and the elderly who have a weak 
immune system. According to her, the resolution of this paradox 
can be dramatically achieved through reducing operating cost, 
increasing patient outcome and staff productivity (Sustainable 
and Healthcare Architecture).12 
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In hospital’s plug loads or devices plugged into wall outlets are 
responsible for 6 to 18 percent of total site energy consumed by 
the hospital (Consortium for Energy Efficiency, 2005). U.S. 
department of Energy’s Hospital Energy Alliance helping hospital 
owners and operators to use effective and energy efficient 
technologies as well as to reduce energy consumption and its 
related cost. From their year-long investigation in three 
hospitals, HEA assembled in one large document meant to 
answer easy-to-interpret profiles with an emphasis on reducing 
plug loads along with other large end uses.11 
End-use efficiency improvements in commercial building (e.g. 
hospital) could lower energy consumption per capita according to 
The Annual Energy Outlook (AEO2011) of EIA. Due to their (EIA) 
specific Efficiency Standards and the addition of more efficient 
technologies propaganda, a large share of the improvement in 
the efficiency of end-use services, notably in space cooling, 
refrigeration, and lighting can be attained.  
 
Phantom loads, also known as standby power or “leaking 
electricity” can account for nearly 5 percent of an electrical plug 
load. Several medical equipments need to on hold for 24 hours 
per day as well as 365 days a year. Not all of them are medical 
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equipments, those non-medical equipments includes office, data 
centers, kitchens, laundry, many miscellaneous items, e.g., 
vending machine, televisions, water-coolers, audio systems. 
Patient room has few non-medical equipment too, like, TV. 
Nonetheless, hospital medical equipment consumes energy 
which falls into the largest category. It includes patient 
monitoring, diagnostic, medical imaging, X-ray, surgical, 
therapeutic, life-support, and laboratory devices. Imaging 
equipment, such as an MRI machine and a CT scanner are 
considered to be the largest single plug load. Relatively 
moderate electric consumer medical devices are patient monitor 
and EKG but they are used frequently.13 
 
The site energy consumption in hospital is much lower than the 
source energy due to transportation loss. In hospitals, the acute 
care occupies 60% of the total floor area of a hospital (CBECS), 
thereby consuming 60% energy of total consumption. In US 
most of the acute care hospitals are more or less 26.5 years old- 
completed around 1980. Thus, to cope with modern needs, all 
hospitals are equipped with numerous necessary devices which 
eventually increase the overall energy consumption. 12  
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2.4 Rating System: LEED 
 
While there are several rating systems, and all of them are 
targeted to the improvement of better healthcare facilities, why 
do we need LEED? The U.S. Green Building Council (USGBC) 
introduced the LEED for Healthcare rating system, at the Clean 
Med conference.5 According to a press release held in Phoenix, 
AZ, on April 8, 2011, the rating system guides the designers and 
construction professionals of both new buildings and major 
renovations of existing licensed and federal buildings, which also 
include inpatient, outpatient and licensed long-term care 
facilities, medical offices, assisted living facilities and medical 
education and research centers. So far LEED, the nationally 
accepted rating system of the U.S. Green Building Council’s 
(USGBC) has certified more than 225 healthcare facilities, 
creating benchmark for the design, leading construction and 
maintaining operation of high performance green buildings.5 
The LEED for Healthcare Green Building Rating System was 
developed to meet the unique needs of the healthcare market. 
LEED for healthcare comprised of groups of standards divided 
into seven areas, Sustainable Sites (SS), Water Efficiency (WE), 
Energy and Atmosphere (EA), Materials and Resources (MR), 
Indoor Environmental Quality (IEQ), Innovation in Design (ID), 
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Regional Priority (RP).7 This study is limited only to the area of 
Energy and Atmosphere section. The EA criteria in this study 
included: a benchmark building creation according to Appendix G 
of ANSI/ASHRAE/IESNA Standard 90.1-2007 (with errata but 
without addenda),8 utilization of a computer simulation model for 
the whole building project, demonstration of percentage 
improvement of performance in the proposed building against 
the benchmark building. Certain LEED credits or points are 
required based on the minimum energy cost savings percentage 
for the proposed building. The whole intention of this study is to 
achieve a certain amount of LEED credits of a Hospital Prototype 
of DOE-2 with a computer simulation program (eQUEST) 
following the system recommendation of Appendix. G. For new 
construction, those LEED points varies from 1-24 for the percent 
improvement from 12% to 48%.7    
2.5 Findings from Literature review 
 
2.5.1  ASHRAE Standard 90.1-2007:8  
ASHRAE Standard 90.1 is based on several code requirements in 
order to create the basic foundation of any building as a 
basecase. The committee has improved their standards from 
2004 to 2007, under which it has a section called “Appendix G”. 
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This study investigates the Appendix G that explains the 
performance rating method which is pertaining to LEED EA 
credits. The following procedures were taken into account while 
making the basecase minimally compliant in eQUEST.  
• To reproduce the baseline building performance from 
Standard 90.1-2004 of Energy Plus to Standard 90.1-2007 
in eQUEST. 
• To follow the requirements of Appendix G for the baseline 
building in terms of building envelope, LPD controls, HVAC 
system types, sizes, and controls, service water heating 
systems and controls, model hourly variations in 
occupancy, lighting power, miscellaneous equipment 
power, HVAC fan schedules. 
• To apply all aforementioned necessary requirements in a 
given zone layout. 
• To maintain the necessary amount of outside air flow.  
• To estimate number of boilers and chillers and to identify 
their type. 
• To determine VAV fan part-Load performance and that of 
other equipment. 
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2.5.2  LEED for Healthcare 2009:7 
This segment of LEED rating system only deals with healthcare 
from small to large type in order to earn certain points in terms 
of energy efficiency category. Those sustainable strategies will 
be incentives for contractors, building owners, and building 
occupants while also financial benefit. This thesis incorporates 
the following observation from this very intuitive report.  
• To engage a widely known rating system specifically meant 
for the healthcare facilities. 
• To investigate the Energy and Atmosphere credit 
requirements so as to achieve certain amount of 
environmental ranking  
• To solve any energy related problem for new construction 
• To identify and evaluate cost effective design measures  
 
2.5.3  eQUEST:10 
The Whole Building Energy Simulation option of EA credits 
requires that a building simulation be performed to demonstrate 
10% improvement in the proposed building performance rating 
for the new building. As per this requirement eQUEST has been 
selected as the building energy simulation tool in this study. 
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Reasons as to why eQUEST was chosen for this study are as 
follows:   
• It is widely known computer simulation software  
• Relatively easy to incorporate the eQUEST version 
specifications of the Hospital prototype of DOE-2  
• Straight forward to estimate the total savings in terms of 
end use and percent cost of energy hourly as well as whole 
year. 
• Allows a clear look inside the hospital building and make 
necessary changes to increase the energy efficiency. 
 
2.5.4 Energy Plus 
The initial model of this hospital prototype was simulated in 
Energy Plus as per ASHRAE 90.1-2004 standard. Hence it was a 
worthwhile exercise to learn the use of the Energy Plus software 
to further explore that version of this hospital prototype. Some 
advantages of Energy Plus are described below.  
• To get familiar with the hospital model downloaded from 
the commercial website of DOE-2 created by NREL 
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• To modify the subsequent eQUEST model of the same 
hospital, which was initially created based on this Energy 
plus version. 
 
2.5.5 Large Hospital 50% Energy Saving:14 
Although this technical document is different in square footage 
(which is 527,000 ft2, nearly double of this hospital prototype), 
it has been solved for all climate zones. This document did not 
include any economic analysis either. How this document 
impacted a lot in this thesis is describing below. 
• To follow a footprint in a completely separate hospital to 
achieve similar kind of result. 
• To guide the experimental hospital analysis for a particular 
climate zone 
• To execute their strategy suggested by PNNL in making 
the proposed energy conservation measures (ECMs). 
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Chapter 3 
3 METHODOLOGY AND ASSUMPTIONS 
 
This chapter describes the procedure obtained in terms of 
collecting, generating and optimizing the data in order to follow 
the requirements of this study. The section includes: the 
research phase to develop the design, how design decisions were 
implied to reduce energy consumption, and analysis of the 
process to achieve energy savings.   
3.1 Research Decisions 
 
The research intends to understand how energy is consumed in a 
LEED certified hospital. Hospital itself is a very diverse and 
critical facility tied with multiple commitments. While serving 
others it is obligatory to stay satisfied for a better output. 
Keeping that in mind, this preliminary study follows certain 
guidelines for the basecase design. The research methods 
utilized in this study were: reviews of ASHRAE Standard 90.1-
2007 (Appendix G)8 in terms of developing the basecase, 
utilization of those standards in the eQUEST-building simulation 
model, observe the percent saving in terms of end use category 
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and utility cost to  obtain certain amount of LEED credits. 
ASHRAE Standard 90.1-2007 (Appendix G) provides the 
necessary guidelines and data for the basecase design; for 
instance, building envelope comprise of orientation, opaque 
assemblies, vertical fenestration, Interior LPD and controls, 
HAVC zone and their system, type etc. design, SWH system 
design, building operating schedule and HVAC fan schedule. 
Later in this chapter, a table explains each component of 
basecase building according to performance rating method of 
Appendix G.8  
 
The research was divided into five phases. Phase one considered 
taking an inpatient hospital prototype from new construction of 
Commercial Building Initiative of DOE-2, a simulated model in 
Energy Plus which contained a spreadsheet describing Hospital’s 
Building Summary, Zone Summary (55 no. of zones, later 
become 77 no. in eQUEST model), Location Summary, 
Schedules, 14 Graphs related to the Electricity Usage, Gas 
Usage, EUI, Lighting Schedules and so on.9  Phase two involved 
compare in the two models in Energy Plus and in eQUEST for the 
same hospital while both are in 2004 standards. Phase three 
introduces a number of ECMs in the proposed case in eQUEST. 
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Phase three also includes an in-depth web based survey to 
gather all the ECMs. Phase four considered the broad literature 
review inside the publication related to the societal need of this 
study topic as well as ASHRAE Standard 90.1-2007 (Appendix 
G). Phase five consisted of computer simulated percentage cost 
savings pertaining to LEED credits. 
 
 
3.2 Phase one: Selected hospital prototype 
The chosen Hospital prototype building of DOE-2 for the Phoenix 
climate becomes the original footprint of eQUEST model. The 
initial step has been taken to make the basecase prototype 
building minimally compliant with the requirements of Standard 
90.1-2004 and at the same time made some equivalent changes 
in eQUEST in terms of non regulated load like minimum 
ventilation rate, infiltration and plug load based on the existing 
Energy plus model. Table-1 below describes very basic existing 
component of the Energy plus model that has been taken into 
account.                  
 
 
 
 
 
 Table 1: Selected Hospital Prototype Modeling Assumption
 
  Model Parameters 
Hospital (Inpatient) floor area
Floor-to-floor height (without plenum)
NO. of floor
Exterior walls
Roof 
Window Fraction (Window to Wall Ratio)
South 
East 
North 
West 
Basement
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 Value 
 241,500 ft2 (22,422 m2
 14 ft (4.3 m) 
 6 
 Mass wall 
Built-up flat roof, insulation entirely 
above deck (IEAD) 
  
 
0.133 
0.121 
0.117 
0.232 
       4 in. slab, 40250 ft2(3,739 m
     
    
) 
2) 
 
 
    
Figure 4: Axonometric view of Energy Plu
first, second, third, fourth and fifth floor axonometric view
The hospital prototype
Department of Energy (DOE), 
benchmark models. These reference buildings play a critical role 
in the program's energy modeling software research by 
providing complete descriptions for
analysis using Energy
3.3 Phase two: Set up the simulation
 
Figure 5: eQUEST version of the selected Energy Plus model
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s model as well as subsequently showing 
 
 in figure 4 is the contribution of U.S. 
developed as commercial building 
 whole building energy 
 Plus simulation software. 
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This phase implies the major modification of the eQUEST model 
on which the speculated results were generated. The difference 
between the two models (Energy Plus and eQUEST), in ASHRAE 
Standard 90.1-2004 becomes stringent while comparing their 
basecase design. Nonetheless, despite their different no. of zone 
(55 in Energy plus, 77 in eQUEST) this inpatient hospital 
prototype contains 15 types of functions all together which are 
listed below in Table 2. 
 
3.3.1 Energy Plus 
Energy Plus software is a whole building energy simulation 
program which is used by PNNL (Pacific Northwest National 
Laboratory) researcher as part of the ASHRAE Standard 90.1 
developing research. Almost all the prototype buildings have 
been created in Energy Plus. On the contrary, this software 
requires greater sophistication to resolve all the debugging 
issues and a steep learning curve. 
Table 2 below summaries the level of LPD, EPD, Ventilation rate 
and Infiltration rate which are used inside the eQUEST basecase 
model. The LPD is derived from the ASHRAE Standard 90.1-2007 
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while the other non regulated loads are extracted from the 
Energy plus model. 
Table 2: Space Types and Relevant Requirements in the Basecase Hospital Building 
No. of 
Function 
Space Type Name LPD 
(W/ft2) 
EPD 
(W/ft2) 
OA flow 
(cfm/ft2) 
Infiltration 
(ACH) 
1 Basement 1.1 0.75 0.05 0.0 
2 Lobby record floor 1.3 0.10 0.15 0.7 
3 Office 2 (Level 5) 
Office 1 (Level 1) 
Office 4 (Level 5) 
Office 1, 3 (Level 5) 
1.1 1.1,1.0 0.15 0.12 
0.24 
0.24 
0.26 
4 Corridor (Level 3, 4) 
Corridor (Level 1, 2, 5) 
1.0 0.0 0.05 0.02 
0.04 
5 Emergency Triage 1.5 2.0 0.47 0.24 
6 Emergency Trauma 2.7 4.0 0.47 0.42 
7 Emergency Exam 3 (Level 1) 
Emergency Exam 1 (Level 1) 
1.5 1.5 0.47 0.18 
0.24 
8 ICU_LVL 3,4_Nurse Station Lobby 
ER_Nurse Station Lobby 
LVL 5_Nurse Station Lobby 
OR_Nurse Station Lobby 
1.3 2.0_1.04 
1.36 
1.04 
1.04 
0.11_0.15 
0.13 
0.15 
0.15 
0.0 
0.02 
0.03 
0.05 
9  Patient Room 
 
0.7 2.0 
3.0 
0.47 0.24 
0.38 
0.42 
10 Operating Room 4 (Level 2) 
Operating Room 2 (Level 2) 
Operating Room 3 (Level 2) 
Operating Room 1 (Level 1) 
2.2 5.0 0.70 0.0 
0.12 
0.18 
o.30 
11 Laboratory 1.4 4.0 1.40 0.0 
12 Radiology 0.4 4.93 0.70 0.0 
13 Physio therapy 0.9 1.5 0.08 0.0 
14 Dining 0.9 1.0 0.21 0.08 
15 Kitchen 1.2 7.5 0.37 0.07 
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3.3.2 eQUEST 
eQUEST is another building simulation tool which is widely 
known, and has been selected for use of this study. First the 
building shell was modeled using eQUEST. Thereby all the 
changes in terms of renaming all the zone and all the spaces, 
inserting the infiltration rate, ventilation rate, plug load, LPD, all 
the ECMs are applied to that ready-made building envelope. 
Once satisfied with the baseline design requirements of Standard 
90.1-2004, the utility cost was added to the basecase inside that 
eQUEST model. In order to obtain the LEED credits, all energy 
costs associated with the basecase should be determined. 
  
3.3.3 Comparison of two model 
 
The eQUEST model depended upon the Energy Plus model for 
the non-regulated loads. These non-regulated loads are 
described later in phase five. 
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Table 3: Comparison of Energy Plus and eQUEST simulations end uses  
(Black in Energy Plus, red in eQUEST) 
 
End Uses Elec  
(kBtu/ 
ft2yr) 
Elec  
(kBtu/ 
ft2yr)                                                                                                                  
 
Elec 
 (kWh/ 
ft2yr) 
Elec  
(kWh/ 
ft2yr)                                           
 
NT Gas 
(Therms/ 
ft2yr) 
 
NT  Gas 
(Therms/ 
ft2yr)
NT Gas 
(kBtu/ 
ft2yr)
 
NT Gas  
(kBtu/ 
ft2yr)
 
Heating 0 0.0 0 0 89601.69 108583 37.1 45 
Cooling 62.1 20.6 4388012.7
1 
145705
1 
0 0 0.0 0.0 
Int. Lighting 16.4 16.7 1156863.4
2 
118111
5 
0 0 0.0 0.0 
Ext. Lighting 1.0 1.0 67213.70 67272 0 0 0.0 0.0 
Int. Equip. 25.7 26.4 1817164.3
5 
186849
3 
12875.10 12874 5.3 5.3 
Ext. Equip. 9.8 9.8 694289.72 694286 0 0 0.0 0.0 
Fans 13.7 11.4 970819.50 809671 0 0 0.0 0.0 
Pumps 6.0 9.0 422779.37 634854 0 0 0.0 0.0 
Heat Rejection 4.0 0.4 282060.32 28097 0 0 0.0 0.0 
Humidification 3.9 3.8 274274.23 266092 0 0 0.0 0.0 
Heat recovery 0.0 0.0 0 0 0 0 0.0 0 
DHW 0.0 0.0 0 0 4680.99 4940 1.9 2 
Refrigeration 0.8 0.8 55955.39 55956 0 0 0.0 0.0 
Generators 0.0 0.0 0 0 0 0 0.0 0 
 
Since there is less difference between these two version (2004 
and 2007), the Table 3 was made to compare their end uses, 
which are shown above in graphical form. 
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Some of the feature in Energy plus basecase did not match with 
the Standard 90.1-2004. They are listed below: 
• Number of Chillers: only one chiller instead of two 
• Number of boilers: only one boiler instead of two 
• Equipment sizing factor  
• Supply air temperature reset 
• Number of tower cells: single rather double 
• Fan speed of cooling tower: single speed instead of double 
speed. 
Table 4: Difference between Standard 90.1, 2004 and 2007 version 
 2004  2007  
Roof  R-15  R-20  
Window  U-1.22(Fixed)  U- 0.75 (Fixed)  
Window SHGC  North  0.61  0.25 (All)  
 Non north  0.25   
Max Allowable 
Window Wall Ratio  
50%  40%  
 
Table 4 indicates the least amount of differences in two version 
(2004 and 2007) of Standard 90.1. 
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Figure 6: End use comparison between Energy Plus and eQUEST basecase 
 
Figure 6 illustrates that the Energy Plus model has a much 
higher cooling loads that the equest model in the basecase. This 
design value of cooling load is different from their average value 
which is derived from a spreadsheet calculation. According to 
that spreadsheet their COP is 2.39, whereas it is found 4.5 in 
eQUEST using the same data. There is also a discrepancy in 
COP, appeared to be 6.1 inside that Energy Plus model.  
-
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Figure 7: Natural gas comparison between Energy Plus and eQUEST basecase 
 
3.4 Phase three: Energy efficiency improvement 
 
 
Figure 8: After applying overhang as ECM 
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3.4.1 Energy Conservation Measures 
 
A number of energy conservation measures were applied in 
eQUEST model to achieve certain LEED credits in the proposed 
building. The ECMs were identified from a broad range of 
literature review which is only pertaining to the hospital design.  
The ECMs chosen for this analysis were:  
• Lighting power densities reduced by 35%, exterior lighting by 
50%  
• Daylighting sensors in applicable perimeter zones 
• Occupancy sensors in applicable zones  
• More insulated envelope - opaque exterior- low-e insulation 
type and increase c.i. roof R-value and using cool roof 
• Fenestration - low-e windows and adding overhangs  
• Reduce Infiltration – 15% reduction 
• High-efficiency chillers, boilers, and water heaters.  
• Reduced Static Pressure  
• Water-side Economizer 
• DOAS System with CO2 Sensors 
• WSHP Systems Throughout 
• Low Energy Central plant 
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ECMs are studied in terms of their energy implications rather 
than their economic or life cycle costing. 
 
3.5 Phase four: Modify in Standard 2007 with same ECMs  
 
This was the only constraint to do because the Energy Plus 
model was developed to conform to ASHRAE Standard 90.1-
2004 and the investigated eQUEST model was modified to 
comply with Standard 90.1 2007.  
This step was to generate the computer simulated model of the 
hospital prototype in eQUEST in the procedure described in the 
following Table 5. The table was developed based on the 
Appendix G of the ASHRAE Standard 90.1-2007, where more or 
less each of the model determinant helped to construct the base 
line building to become a reference for minimally compliant 
hospital building of 2007 standards. The following table was 
created in a manner so that all the appropriate criteria of 
Appendix G can be utilized for the observed climate zone 2B, 
which relates to Phoenix climate.    
 
 
 
  48 
Table 5: Creation of basecase according to Appendix G of AHSRAE Standard 90.1-2007 
in Performance rating method 
 
No. Model Determinants Baseline Building Performance 
1. Design model All end-use load components  
• Exhaust fans,  
• Facade lighting, 
• Elevators and escalators, 
• Refrigeration,  
• Cooking etc. 
All conditioned space  
• Simulated as being both heated and 
cooled 
• Have temperature and humidity 
control set points and schedules 
2. Building Envelope 
 
a. Orientation 
• Generated by simulating the building 
in its actual orientation and again by 
rotating 90, 180, and 270 degrees, 
then averaging the results (end uses). 
• Basecase should not be modeled as it 
shade itself 
 b. Opaque Assemblies • New buildings with lightweight 
assembly types  
• From Tables 5.5-2 for Climate Zone 
2B.  
• Roofs—Insulation entirely above deck, 
max. U-0.048, R-20.0 c.i. 
• Above-grade walls—Steel-framed, 
max. U-0.124, R-13.0 
• Floors—Steel-joist, max. U-0.052, R- 
19.0 
• Opaque door in Tables 5.5-2 – no door 
inside the 
simulated model 
• Slab-on-grade floors – Basement floor 
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so NR in Tables 5.5-2 
 c. Vertical Fenestration  • New buildings shall equal that in the 
proposed design or 40% of gross (all 
four sides) above grade wall area, 
whichever is smaller 
• Distributed on each face of the 
building in the same proportions  
• Fenestration U-0.75 in Tables 5.5-2  
• Fenestration SHGC – 0.25 in Tables 
5.5-2  
• All vertical glazing assumed to be 
flush with the exterior wall to avoid 
window frame requirements 
• Exclude any shading projections and 
Manual window shading devices such 
as blinds or shades  
 d. Skylights and 
Glazed Smoke Vents 
• Skylight area equal to that in the 
proposed building design or 5% of the 
gross roof area that is part of the 
building envelope, whichever is 
smaller. 
• Skylight U-factor and SHGC properties 
- in Tables 5.5-2.  
• No skylights here 
 e. Roof albedo. • All roof surfaces modeled with a 
reflectivity of 0.30 
3. Interior lighting power 
and controls 
• In space type category  
• No automatic lighting controls (e.g., 
programmable controls or automatic 
controls for daylight utilization) shall 
be modeled,  
4. Thermal Block – HVAC 
zones designed 
• Each HVAC zone shall be modeled as a 
separate thermal block  
• Different HVAC zones may be 
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combined to create a single thermal 
block or identical thermal blocks to 
which multipliers are applied, provided 
that all of the following conditions are 
met: 
a. The space use classification is the 
same throughout the thermal block. 
b. All HVAC zones in the thermal block 
that are adjacent to glazed exterior 
walls face the same orientation or 
their orientations vary by less than 45 
degrees. 
c. All of the zones are served by the 
same HVAC system or by the same 
kind of HVAC system 
5. HVAC system types, 
sizes, and controls 
• The HVAC system(s) in the baseline 
building design - specified in Section 
G3.1.1- due to that System 7- VAV 
with Reheat 
• The general HVAC system 
requirements - in Section G3.1.2 as 
− Equip.eff.- Water cooled Chiller COP – 
6.10, Gas fired Boiler min. eff. 80%Ec 
− Supply fan energy designed separately 
− Oversize sizing factor - 25% for 
heating, 15% for cooling 
− Sizing run based on – 99.6% heating 
design days, 1% dry-bulb, 1% wet-
bulb cooling design days 
− Min. outdoor air ventilation rate 
− No demand control ventilation, since 
air economizer is one of the ECM.  
− Economizer – No Air-side Economizer, 
75⁰F shut off 
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− No Heat recovery unit  
− Design air flow rate – supply air to 
room air temp. difference 20⁰F 
− Return fan sized for 90% of the supply 
air quantity or supply fan air quantity 
less the min. outdoor air, whichever is 
larger. 
− System fan Power followed eq.  
Pfan  = bhp x 746/Fan Motor Eff., where,  
Pfan  -  Elec. power (W),  
bhp – Break horsepower (Table G3.1.2.9) 
Fan Motor Eff.- enclosed motor from Table 
10.8 at 1800 rpm 
• System-specific requirements in 
Section G3.1.3 as 
− Type of boiler – natural draft,  
− No. of boiler – 2, 1st boiler as “Lead” 
and 2nd boiler as “Lag” 
− Hot-water design supply temp. 180⁰F, 
return temp. 130⁰F  
− Hot-water supply temp. reset, if 
outdoor 20⁰F then 180⁰F, if outdoor 
50⁰F then 150⁰F 
− Hot-water pumps – variable speed 
drive, pump power 19 W/gpm 
− Type of Chiller–water-cooled 
centrifugal  
− No. of Chiller – 2, equally sized 
− Chilled-water design supply temp. 
44⁰F, return temp.56⁰F 
− Chilled-water supply temp. reset, if 
outdoor 80⁰F then 44⁰F, if outdoor 
60⁰F then 54⁰F 
− Chilled-water pumps – variable speed 
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drive, pump power 22 W/gpm 
− Heat rejection – condenser-water 
pump power 19 W/gpm 
− Supply air temp. reset, change the 
deck temp. for cooling by 5⁰F under 
the min. cooling load condition. 
− VAV min. flow set points – min. 
volume 0.4 cfm/ft2 of floor area 
served or mi. ventilation rate, 
whichever is larger 
− VAV fan part-load performance – 
using method 1 
6. Service water heating 
systems and controls 
• Same energy source as the 
corresponding system in the proposed 
design 
• Where the complete service hot-water 
system exists, shall reflect the actual 
system type using the actual 
component capacities and efficiencies 
• For large, 24-hour-per-day facilities 
that meet the prescriptive criteria for 
use of condenser heat recovery 
systems described in Section 6.5.6.2, 
a system meeting the requirements of 
that section shall be included in the 
baseline building design regardless of 
the exceptions to Section 6.5.6.2. 
• SHW energy consumption based on 
the Volume of required SHW, the 
entering makeup water and the 
leaving SHW temp. This entering 
water temp. should be based on the 
location and leaving temp. should be 
based on the end use requirements. 
  53 
 
 
3.5.1 Exceptions considered from Standard 90.1-2007 
While evaluating the basecase as per the stipulations of 
Appendix G, some of the criteria were modified as the hospital 
prototype was not the real building, but rather a rehabilitation of 
a computer generated model. Thus, vertical shaft, some exterior 
design features, interior partition wall and appliances, certain 
zone with missing proper fenestration were modified. The 
pictures of the hospital prototype are inserted later in phase one.  
The deviation occurs also due to the code requirements for 
7. Schedules 
 
Model hourly variations in,  
• Occupancy, 
• Lighting power, 
• Miscellaneous equipment power,  
• Thermostat set points, 
• HVAC system operation. 
8. HVAC Fan Schedules • If provide Outdoor air for ventilation 
shall run continuously when occupied 
• Cycled on and off to meet heating and 
cooling loads during unoccupied hours 
(night cycle control). 
• HVAC fans shall remain on during 
occupied and unoccupied hours in 
spaces that have health and safety 
mandated minimum ventilation 
requirements during unoccupied 
hours. (e.g., Laboratory) 
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climate zone 2B which explicitly stated in Appendix G. The 
notable deviation includes, 
• Skylights 
• Air side Economizer 
• Exhaust air energy recovery 
• Heat pumps 
• Piping losses   
 
3.6 Phase five: Evaluate LEED credits 
 
This phase presents positive results of incorporating the LEED 
rating system for the selected hospital prototype.  
 
3.6.1 Whole-Building Energy Use 
 
“The whole building simulation” is an option in Energy and 
Atmosphere section of “LEED for Healthcare 2009” document to 
compare the minimum level of energy efficiency of the regulated 
and non regulated loads of the proposed building; which is also 
intended to reduce environmental and economic impacts 
associated with excessive energy use. Regulated loads include 
lighting loads, HVAC loads, and any other load regulated by 
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code. Non-regulated loads include plug and process loads that 
are not code regulated. This prerequisite section require 
following certain guidelines to compare against a baseline 
building which include but not limited to the following criteria:  
• To comply with the mandatory provisions (Sections 5.4, 
6.4, 7.4, 8.4, 9.4 and 10.4) in Standard 90.1-2007 (with 
errata but without addenda1). 
• To include all energy costs associated with the building 
project  
• To compare a baseline building that complies with 
Appendix G of Standard 90.1-2007 
In regards to those requirements the hospital prototype has 
been upgraded from Standard 90.1-2004 (ASHRAE 2004b) to 
Appendix G of Standard 90.1-2007 to be the baseline design.  
 
The simulation took place on an existing simulated model of  
eQUEST and partially with the Energy Plus model of the same 
hospital. The existing model is not a detailed version of the 
modeling assumptions as required in the Standard 90.1-2007, 
whereas analysis techniques implies explicitly with Standard 
90.1-2007 (ASHRAE 2007b).  
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LEED rating system acts as a supervisory committee under which 
certain points can be achieved. Those points, generated based 
on the information of a fact sheet, are then categorized as silver, 
gold and platinum. The Fact sheet contains seven topics. The 
best part of certification fact sheet is, that no building has to 
receive the exact number of point from each topic to be certified 
as a silver, gold or platinum, but rather the total is a 
combination of points achieved in each of the seven topics. The 
certified building should get 50-59 points to become silver, 60-
79 points to become gold, and 80 to above 80 to become 
platinum. A sample of LEED fact sheet is provided in the 
Appendix A. 
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Chapter 4 
4 MODEL VALIDATION 
The National Renewable Energy Laboratory (NREL) has published 
a technical report on September 2010 as “Large Hospital 50% 
Energy Savings”. As an available valid resource, this technical 
document provides the relevant measures to compare the final 
measures of this hospital prototype model in eQUEST. Figures (9 
and 10) are two bar charts, one for electricity and one for 
natural gas, which provide a comparison between two Energy 
Plus basecases (one is the consensus hospital prototype and 
another is from the Large Hospital Saving 50% document). 
These two models are based on Standard 90.1-2004 and are for 
Phoenix climate. There are a number of significant differences 
between the two basecase models in terms of heating, cooling, 
interior lighting, interior equipment, pumps, fan power and 
humidifiers. The major reason behind it could be the large 
amount of reheat energy in that 50% document from the very 
beginning. The other reason could be the size of the two 
hospitals (50% document hospital has 527,000 ft2( 48960 m2), 
consensus hospital prototype has  241,500 ft2 (22,422 m2). 
       
 Figure 9: Comparison between two Energy Plus basecases
Phoenix climate 
 
Figure 10: Comparison between two Energy Plus basecases in 
Phoenix climate 
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 in terms of Electric EUI
terms of Gas EUI for 
End Uses
EUI Comparison
Energy plus Basecase
large Hospital saving 50% in 
Basecase 
End uses
Gas EUI Comparison
Energy plus Basecase
large Hospital saving 50% in 
Basecase 
 
 for 
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The metric of percent energy savings used in 50% large hospital 
document is the amount of site energy use which is the energy 
delivered to a building from the Utility (electricity and natural 
gas) subtracting any renewable energy generated within its 
boundary. Whereas, in this study other metrics, such as, energy 
and cost percent saving along with site energy use intensity 
(EUI) are used by the eQUEST software. This 50% Technical 
Support Document (TSD) used site energy savings to retain 
consistency with the previous TSDs and AEDGs.  
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Chapter 5 
5 RESULT AND ANALYSIS 
 
5.1 ASHRAE 90.1-2004 (Appendix G) Compliance Result 
 
 
 
Figure 11: Result of each ECM on ASHRAE 90.1-2004 Standard version of eQUEST 
 
Figure 11, generated by the help of a spreadsheet calculation, 
depict cumulative savings of all the ECMs along with LEED 
credits in green font. Here the cumulative savings without the 
Water Source Heat Pumps (WSHP) is around 22%, hence 
achieving 8 LEED credits.   
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5.2 ASHRAE 90.1-2007 (Appendix G) Compliance Result 
 
 
 
Figure 12: Result of each ECM on ASHRAE 90.1-2007 Standard version of eQUEST 
From Figure 12, It is noticeable that if ASHRAE 90.1-2007 model 
is used, WSHP is not saving that much without that the 
cumulative savings is 19.4%, and hence achieving 5 LEED 
credits. 
 
The ECMs needed to achieve certain number of LEED credits are 
described in Figure 13 as designed alternatives which saving 
natural gas for both version of Standard. Figure 13 illustrate the 
 extent of which each ECM 
base line design. 
 
 
 
Figure 13: From the cumulative
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reduces energy use as against the 
 savings it is obvious that natural gas is contributing 
0% 50% 100% 150%
…
Combined Percent Savings
EUI kBtu/sf/yr
Elec. kWh
Nat. Gas Therms
Utility Total ($)
0% 20% 40% 60% 80% 100% 120% 140%
…
EUI kBtu/sf/yr
Elec. kWh
Nat. Gas Therms
Utility Total ($)
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Figure11 and figure 12 indicates that the cumulative savings is 
lower because where one ECM is giving a penalty in as per 
ASHRAE 90.1 2007 Standard. The reason could be due to the 
unusual presence of Water Source Heat Pump. In reality it is not 
practiced.  Due to the requirement of EA credit 1 of LEED rating 
system for healthcare, the proposed design of eQUEST will earn 
5 points. However, achieving another10 points on 30% cost 
savings retains the provision of future works. Low EUI is 
reflective of good performance and percent EUI reduction is 
better in the competition. For hospital, average EUI is 468 kBtu 
per square foot annually (CBECS, 2003). 
The electric utility rate was taken as block rate from the APS E-
32 rate as $50.44 monthly service charge. The natural gas utility 
rate was measured due to G-25 rate of South West Gas 
Corporation as $470 monthly service charge. Figure 14 and 
figure 15 indicates the cumulative percent cost savings against 
the basecase due to those incorporated ECMS and rates in 
eQUEST. 
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Figure 14: Last two measures are giving same result in 2004 version 
 
 
Figure 15: While last measure is giving penalty in 2007 version of eQUEST, but 
without this measure the final result is similar with that of 2004 version of eQUEST 
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Chapter 6 
6 CONCLUSION AND FUTURE WORK 
The healthcare building sector is unique among all the building 
types in that a specialized industry has evolved in terms of 
construction and maintenance. With growing attention to climate 
change and interest in achieving energy efficiency in hospitals, 
the Department of Energy (DOE) is paying a great deal of 
attention to the healthcare sector so as to reduce cost. There are 
some tools and initiatives available in the market to meet the 
demand response of hospital energy consumption. The key 
issues to make a hospital green are integrating energy efficiency 
and renewable energy into hospital construction and its 
operation and maintenance. 
Annual Adjusted Patient Days:17  
 
Adjusted Patient Days = Total Patient Days x (Total Patient         
Revenue (Inpatient+Outpatient)) /Inpatient Revenue) 
 
According to CEE, regular evaluations and tune-ups to the HVAC 
system which cost 4-20 cents per square foot, have been proven 
to cut hospital’s energy bill by 10-15 percent. This translates into 
roughly savings of $34,000/year for a 100,000 square-foot 
facility.15   Local government can leverage resources; invest on 
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the expertise and collaboration with unique utility alliances like 
Utilities and Energy Efficiency Program Sponsors and regional 
energy efficiency alliances to improve energy efficiency among 
end users in their jurisdiction. 
 
One of the barriers found by DOE is the lack of guidance to 
follow improve energy efficiency in hospitals, difficulty in 
communication on the best efficiency practices, lack in result 
documentation which support the business case for efficiency 
and also the unavailability of more efficient equipment due to 
“demand pull” from the hospital market. There remain significant 
financial and human capital issues when considering efficiency 
improvements. Technology advancement make easy to achieve 
energy efficiency on new construction as well as retrofits. 
Improvements in indoor climate control (ventilation, humidity, 
and temperature) can significantly improve the health and 
recovery rate of patients. 
 
The summary of this whole study defines a basecase in 2007 
standard and savings from all those intuitive ECMs are cost 
effective. To achieve LEED point the other topic of LEED rating 
system should be considered and the LCC costing also need to 
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perform rather short term construction budget. Although the 
2007 version of eQUEST is achieving less LEED credits than that 
of 2004 version, the 2007 version appear to be best choice, 
since it is already better as basecase. The following are some 
predictions made from this study: 
1. This hospital does not deal with number of bed, hence is 
susceptible to generate unexpected energy consumption. 
2. Didn’t include Green House Gas (GHG) and also air borne 
releases; thus indoor environmental quality is ignored. 
3. The type of illness/specialized hospital would cost more 
energy since elderly Americans (around 65 years old and 
above) need six times more hospitalization than younger 
people.15 
4.  In addition to the climate change impacts of fossil fuel 
combustion which associated emission of greenhouse 
gases, the U.S. Environmental Protection Agency estimates 
the U.S. health care sector consumes (73 trillion kWh) 
electricity   that contributes to more than $600 million per 
year in health care cost due to increased asthma and other 
respiratory illnesses.18 This result relates to the fact that a 
high proportion of this electricity is produced through 
combustion of fossil fuels. 
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5. To better understand the health impacts of energy use, 
Practice Green health’s free Healthcare Energy Impact 
Calculator (EIC) estimates premature deaths, chronic 
bronchitis, asthma attacks, emergency room visits, and 
more by kilowatt hour per year. The EIC displays the 
projected number of incidents, estimates of medical 
treatment costs, external societal costs, and likely 
emissions permit costs for the green house gas carbon 
dioxide. 
6. action plans to eliminate mercury, reduce and recycle solid 
waste, reduce regulated and chemical waste, reduce 
energy and water consumption, create healing 
environments, and establish green purchasing policies 
7. Building detail design feature of this prototype can be 
taken into account 
8. Other climate zone and utility structure could be next 
possibility.  
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APPENDIX A 
  
 
SAMPLE OF A LEED FACT SHEET 
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The above mentioned sample LEED fact sheet is an example of a 
gold certified hospital in Portland, Oregon. In this study only the 
EA credit 2: Minimum Energy Performance has been 
investigated. According to the saving achieved from the 
investigation only 5 points can be achieved through the whole 
building simulation process.  
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APPENDIX B 
 
 
ENERGY PLUS DATA FOR SELECTED HOSPITAL PROTOTYPE  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  74 
 
End Uses 
 
Electricity 
[GJ] 
Natural Gas 
[GJ] 
Other 
Fuel [GJ] 
District 
Cooling [GJ] 
District 
Heating [GJ] 
Water 
[m3] 
Heating 0.00 9453.65 0.00 0.00 0.00 0.00 
Cooling 15796.89 0.00 0.00 0.00 0.00 0.00 
Interior Lighting 4164.72 0.00 0.00 0.00 0.00 0.00 
Exterior 
Lighting 
241.97 0.00 0.00 0.00 0.00 0.00 
Interior 
Equipment 
6541.81 1358.42 0.00 0.00 0.00 0.00 
Exterior 
Equipment 
2499.45 0.00 0.00 0.00 0.00 0.00 
Fans 3494.96 0.00 0.00 0.00 0.00 0.00 
Pumps 1522.01 0.00 0.00 0.00 0.00 0.00 
Heat Rejection 1015.42 0.00 0.00 0.00 0.00 37982.84 
Humidification 987.39 0.00 0.00 0.00 0.00 367.31 
Heat Recovery 0.00 0.00 0.00 0.00 0.00 0.00 
Water Systems 0.00 493.88 0.00 0.00 0.00 4005.67 
Refrigeration 201.44 0.00 0.00 0.00 0.00 0.00 
Generators 0.00 0.00 0.00 0.00 0.00 0.00 
Total End Uses 36466.06 11305.95 0.00 0.00 0.00 42355.82 
Note: Natural gas appears to be the principal heating source based on energy usage. 
 
The above table corresponds to the downloaded copy of the 
hospital prototype from the U.S. Department of Energy which is 
a result of the end uses of that hospital simulated by Energy 
Plus.
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